Background: Streptococcus mutans (S. mutans) is the primary etiological agent of dental caries. Sortase is a transpeptidase that anchors several surface proteins to the S. mutans cell wall and has been shown to play a major role in cariogenicity. The purpose of this study was to explore the genetic polymorphisms of the sortase gene (srtA) and the social-behavioural factors associated with dental caries in children with S. mutans. Methods: In this case-control study, 121 S. mutans strains were separately selected from caries-free children and high-severity caries children for sequencing of the srtA gene. Social and behavioural data were collected by self-administered questionnaires. Genomic DNA was extracted from S. mutans strains and amplified by PCR to obtain the srtA gene. The purified PCR products were sequenced and analysed for mutations with ABI Variant Reporter software. The distribution of missense mutations and the mean of social-behavioural factors were compared between the groups. A multiple logistic regression model was used to control for confounding factors. Results: The mutation frequencies at loci 168 (P = 0.023) and 470 (P = 0.032) were significantly different between the groups. The best-fitting model showed that greater age, high frequencies of solid sugar consumption, prolonged breastfeeding, a high proportion of visible plaque, and S. mutans with a T at locus 168 of the srtA gene were associated with high-severity caries in children (P < 0.05). Children carrying a G at locus 168 of S. mutans had a decreased risk for high-severity caries (OR = 0.32, 95% CI = 0.12-0.86) compared with those carrying a T. Conclusions: The present study suggested that the locus 168 missense mutation of the srtA gene may correlate with caries susceptibility in children with S. mutans. In addition, age, duration of breastfeeding, solid sugar consumption, and poor oral hygiene contributed to this complex disease.
Background
Dental caries is the localised destruction of dental hard tissues by acidic by-products from bacterial fermentation of dietary carbohydrates [1] . Oral microorganisms, dietary habits and host susceptibility interact in the initiation and development of dental caries [2] . In general, socio-demographic variables, development characteristics, general upbringing, oral health related behaviour, oral hygiene and bacteria are known risk factors for the development of dental caries in children [3] . It is a common worldwide disease affecting children's health and well-being [2, 4, 5] , especially in China. The Third National Oral Health Survey in China showed that the prevalence of childhood caries in the 5-year-old age group was as high as 66% and that the mean number of decayed, missing and filled teeth (dmft) was 3.5 [6] .
Streptococcus mutans (S. mutans) is the primary etiological agent of dental caries [7] . Although the association between S. mutans and dental caries seems convincing, some children with S. mutans do not manifest the disease, suggesting that S. mutans may vary in its ability to initiate caries. One important characteristic of S. mutans in the development of dental caries is its ability to adhere to the tooth surface. Pac is one of the cell wall-anchored surface proteins identified in S. mutans, and it is responsible for mediating the adherence of S. mutans to tooth surfaces [8] . Sortase A (SrtA), coded by the gene srtA, has been shown to be a membrane-localized transpeptidase that covalently links protein Pac with a sorting signal to the cell wall and possesses important adherent functions that have been associated with cariogenicity [9, 10] . S. mutans with a mutated srtA gene was shown to result in a marked reduction in the adhesion potential of S. mutans and the frequency of dental caries [11] . Because an important function of srtA is the adherence of S. mutans to the tooth surface, we hypothesized that the srtA gene of S. mutans might possess genetic polymorphisms related to different caries conditions.
Considering the complex etiology of dental caries, the virulence and colonization of S. mutans can be modulated by behavioural, social and environmental factors [12, 13] . In this study, we aimed to explore the genetic polymorphisms of the srtA gene and the social-behavioural factors associated with dental caries in children with S. mutans.
Methods

Calculation of study sample size
A case-control group design was applied in this study. According to the study design, the formulas used to calculate the sequencing sample capacities are shown below [14] .
The number of children was set to be equal in the case and control groups. Thus, the value of C was 1.0. The value of α was set at 0.05, and the value of β was set at 0.15. The values of π 1 and π 2 referred to the predicted missense mutation rates of srtA in the control and case groups in the present study, respectively. Based on the rates of each missense mutation locus in the caries-free and caries-active groups of our previous work [15] , the largest sample size was required when π 1 =0.6 and π 2 =0.4, respectively. It was therefore calculated that the sample size should be 121 children for each group. All statistical tests were two-sided.
Because this study aimed primarily to explore connections between missense mutations of srtA and the severity of caries in the children with S. mutans, only the children who carried S. mutans were analysed. To satisfy the required sample size, we calculated the number of children that was required for the epidemiological survey. The prevalence rate of caries (68%) and non-caries (32%) in young children [16] , along with the prevalence rate of S. mutans in the caries-free group (37.5%) and the caries-active group (75%), were considered [17] . The minimum number of children required to investigate was therefore calculated to be 1,009.
Field investigation
An epidemiological survey was carried out in Huadu District of Guangzhou in South China from October 2012 to June 2013. The study protocol was approved by the Ethics Committee of Guanghua School of Stomatology, Sun Yat-sen University (ERC-[2012]-13). The Huadu District is a new urban district that consists of four streets and six towns. There were 114 nursery schools in this district. A random cluster sampling technique was employed to select 19 schools according to the number of children that we needed to recruit. Only those children who were aged 36-47 months old, had lived in the district for more than six months, reported no systematic illness, and reported no antibiotic intake for at least the preceding one month were included in the study. All of the participating schools were informed of and consented to the study. After written parental consent was obtained, all eligible 3-year-old children in the participating schools were included in the study.
Caries development, enamel hypoplasia and visible plaque accumulation were determined by a single dentist (L.X. Yu). CPI probes, disposable mouth mirrors, and intra-oral LED light sources were used for the examinations. The status of the dental caries was recorded according to the World Health Organization criteria using dmft indexes [18] . In short, the presence of dental caries was recorded when there was an obvious lesion in a pit or fissure or on smooth surface of a tooth. A detectable softened wall or undermined enamel was also recorded as dental caries. Enamel hypoplasia was recorded using the criteria recommended by the Fédération Dentaire Internationale (FDI) for general epidemiological surveys [19] . Enamel hypoplasia included three types of defects: pits, grooves or missing enamel. Oral hygiene was assessed using the Visible Plaque Index (VPI) [20] . Four sites of distal, midmost and mesial of buccal surfaces and the midmost of the lingual surface of each tooth were examined to record the VPI. The percentage of the examined sites with visible plaque was calculated. Approximately 10% of the subjects were re-examined to assess the intra-examiner reliability. Pooled samples of dental plaque from each child were collected with sterile cotton swabs from the buccal surfaces of maxillary teeth. The samples were dispersed in a sterile fluid thioglycolate (FT) medium and taken to the laboratory on ice within 4 h of collection.
Data were collected using a self-administered questionnaire that was administered to the caregivers. The questionnaire consisted of four parts: socio-demographic characteristics (e.g., age and sex of children, occupation and education level of parents), developmental characteristics (e.g., gestational age, mode of delivery, weight at birth and enamel hypoplasia), general upbringing history (e.g., bottle-feeding experience and duration of breastfeeding) and oral health behaviour (e.g., solid sugar consumption, frequency of tooth brushing and use of toothpaste).
Isolation of S. mutans
Plaque samples were mixed and sonicated for 30 s and were dispersed to obtain a dilution series to 10 −3 dilutions. For each sample, 50 μl of the diluent was plated onto Mitis-Salivarius-Bacitracin (MSB) agar, supplemented with 20% sucrose and 0.2 units/ml bacitracin and incubated anaerobically (85% N 2 , 5% CO 2 , and 10% H 2 ) at 37°C for 3 d [21] . We randomly selected two colonies from each child according to the colony morphology and tested the colonies for their ability to ferment mannitol, sorbitol, raffinose, melibiose, and aesculin and for their ability to hydrolyse arginine [22] . The identified bacterial strains were subsequently streaked onto MSB agar and preserved in 50% glycerol at −80°C before use.
Defining the case and control groups
To explore and compare the genetic polymorphisms in the srtA gene of S. mutans, children with distinct caries experiences were taken into consideration. A total of 121 caries-free children with S. mutans were randomly selected as the caries-free group, and 121 children with dmft ≥6 who were S. mutans-positive were selected to form the high-severity caries group. The dmft score of the high-severity group was in accordance with the category used in a previous study [23] .
Extraction of chromosomal DNA S. mutans strains were grown in 2 ml of brain-heart infusion broth and incubated at 37°C under anaerobic conditions for 18 h. Cells centrifuged from the BHI cultures were suspended in 5% Chelex100, treated with 10 μl of 20 mg/ml proteinase K at 37°C for 1 min, and then digested at 56°C for 1 h, followed by boiling for 10 min. The tubes were frozen on ice for 3 min, and the suspension was centrifuged at 12,000 rpm for 10 min. The supernatant was obtained for PCR. The quality and quantity of DNA samples were measured with a UV spectrophotometer at 260 nm and 280 nm. All DNA was stored at −20°C before further analysis.
Amplification and sequencing of the srtA gene
The PCR primers designed by ABI Primer Designer V3.0 that were used to amplify the UA159 srtA gene are listed in Table 1 . A 1,035 bp DNA fragment carrying the srtA gene was amplified from S. mutans strains. Due to the limitation of the length of sequencing reads, we amplified and sequenced the gene in three fragments that contained overlapping sections.
The PCR reaction was carried out in a 25 μl reaction volume. The components in the PCR reaction (final conc.) were 2.5 μl of 10 × PCR buffer, 0.2 mM of dNTP mix, 1.5 mM MgCl 2 , 0.2 μM each primer, 100-400 ng of genomic DNA as template, and 2U of Platinum® Taq DNA Polymerase (Invitrogen, CA, USA). The temperate was preheated at 95°C 5 min. The PCR cycle was as follows: denaturation at 95°C for 30 s, annealing at 60°C for 30 s, and elongation at 72°C for 50 s. A total of 50 cycles were performed, followed by a final elongation step at 72°C for 5 min. Five microliters of each amplified products was analysed by electrophoresis on a 1.5% agarose gel. The PCR products were purified using a QIAquick Gel Extraction Kit (QIAgen, Hilden, Germany). Ultimately, the products were sequenced by the Shanghai Life Technologies Biotechnology Company (Life Technologies, Shanghai, China). Variant Reporter software was used to analyse the sequencing results, and the srtA sequence of S. mutans UA159 was selected as a reference sequence.
Statistical analysis
Data analysis was carried out using the SPSS 16.0 software. Categorical and continuous variables were compared using a Chi-square test and an independent samples t test, respectively. Bivariate and multivariate logistic analyses were used to calculate odds ratios (ORs) with their corresponding 95% confidence intervals (CIs) and identify the factors associated with high-severity caries. Caries status was treated as the dependent variable (0 = caries free group, 1 = high-severity caries group). Independent variables were those factors that may have influenced caries status. Those independent variables with P < 0.2, based on a bivariate logistic analysis, were tested further in a multiple logistic regression model. A P value <0.05 for all two-sided statistical tests was considered significant.
Results
The statistical analysis of the socioeconomic demographic characteristics and developmental factors are shown in Table 2 . In social indicators, we found significantly different distributions in the ages (in months) between the groups Pair3-R TCCGAAACTATCAAAGCAACAT (P < 0.001). Among the variables representing children's oral health behaviour (Table 3) , the duration of breastfeeding (P = 0.09), frequency of solid sugar consumption (P < 0.01) and the proportion of VPI (P < 0.01) were all significantly associated with caries risk.
In comparing the srtA sequences of the clinical strains with S. mutans UA159, a total of 38 single nucleotide substitutions were found, including 21 silent mutation sites and 17 missense mutation sites (Figure 1) . The caries-free group was found to have 19 silent mutation sites and 11 missense mutation sites, whereas the high-severity caries group was found to have 20 silent mutation sites and 14 missense mutation sites. Only ten strains were identical to strain UA159; of these, five were from the caries-free group, and five were from the high-severity caries group. None of the Table 4 . Here, we only show the alterations of amino acids due to missense mutations because these changes could affect the activity of sortase A.
The distribution frequencies of the missense mutation sites are listed in Table 5 . There was a significant difference in the mutation frequency at locus 168 (P = 0.023); the frequency of mutations at this site was significantly higher in the caries-free group than in the high-severity caries group. Moreover, strains with the locus 470 polymorphism exhibited a significantly higher rate in the high-severity caries group compared with the caries-free group (P = 0.032).
To control for confounding factors, multiple logistic regression analyses were performed, and the results (Table 6) showed that greater age (P = 0.027), high frequencies of solid sugar consumption (P < 0.001), prolonged breastfeeding (P = 0.028), a high proportion of visible plaque (P < 0.001), and S. mutans strains with a T at locus 168 of the srtA gene (P = 0.023) were significantly associated with high-severity caries in children. A lower risk of high-severity caries (AOR = 0.32, 95% CI = 0.12-0.86) was found in children who carried S. mutans strains with a G at locus 168 of the srtA gene in comparison to a T. However, after controlling for confounding factors, the mutation at locus 470 was excluded from the model.
Discussion
The present study compared the genetic diversity in the srtA gene of S. mutans strains isolated from caries-free and high-severity caries children. Bivariate analysis of the present work showed that the mutation at locus 168 was overrepresented in the caries-free group and that the mutation at locus 470 was overrepresented in the high-severity caries group. Importantly, in our previous work [15] , the mutation rate of locus 168 was higher in the caries-free group than in the caries-active group, and the mutation rate of locus 470 was higher in the caries-active group than in the caries-free group. The distributions in the mutation frequency of these two loci in the two groups were in accordance with the results of the present study. Because bivariate analysis cannot exclude the confounding effect of other risk factors on caries in children, a multiple logistic regression was used. After adjusting for children's socio-demographics, developmental characteristics, general upbringing and oral health-related behavioural factors, the association between the srtA locus 470 polymorphisms and high-severity caries was abolished, but the association between the srtA locus 168 polymorphisms and high-severity caries remained. This result demonstrated that the S. mutans strains with a point mutation at locus 168 in srtA may have a lower risk for high-severity caries. It has been reported that S. mutans Ingbritt and NG5 preserved in the laboratory both have low cariogenicity due to the mutations in the srtA gene. Sequence analysis revealed that strain Ingbritt had an 11-nt deletion in the gene compared with strain GS5 [24] and strain NG5 had a single base substitution from G to T at the codon GAA, which codes for glutamic acid in NG8 [11] . Without a functional sortase, S. mutans strains were not able to perform several cell surfacerelated activities, including saliva-mediated adherence and aggregation [11, 24] . Hence, we speculate that the point mutation at locus 168 may lead to a lower-activity sortase, which could affect the virulence of adherence and aggregation of S. mutans.
In this study, we aligned the nucleotide sequences of the srtA gene from clinical strains with those of strain UA159. The comparison showed that none of the clinical strains had base deletions, as observed for S. mutans Ingbritt. Although a single base substitution was a common occurrence in S. mutans, none of the clinical strains had nonsense mutations in the gene, as observed for S. mutans NG5. These results suggested that mutations in the srtA gene of laboratory strains Ingbritt and NG5 may be the consequences of long-term subculturing but are not a reflection of variation within the species in nature. .| ....|....| ....|....|....|....| ....|....| ....|....|....| ....|....|....|....| ....|....|....| .| ....|....| ....|....|....|....| ....|....| ....|....|....| ....|....|....|....| ....|....|....| Compared with our previous study that included a small sample [15] , more mutation sites were found. All variant sites that had previously been discovered with the smaller sample sizes were identified again in this larger sample, which suggested that certain mutations in the srtA gene commonly occur in S. mutans strains. The greater number of mutation sites identified in the present study was likely due to the larger number of strains sequenced, which increased the probability of detecting different mutation sites.
In addition to bacterial genetic factors, the results of multiple logistic regression analyses revealed that other factors, including a greater age, prolonged breastfeeding, a high frequency of solid sugar consumption and visible plaque accumulation also contribute to caries in children with S. mutans. Older children have more caries because their teeth have been exposed to the environment and risks for a longer time. Although the relationship between prolonged breast-feeding and caries is controversial, prolonged breast-feeding may contribute to dental caries because it allows for the colonization of S. mutans [25] and because breast milk is more cariogenic than other types of milk [26] . The consumption of sugars has long been considered a cause of caries because it can be metabolized by S. mutans to produce the plaque dextrans essential for acid production [27] . Moreover, children with a higher proportion of VPI were more likely to have high-severity caries. Dental plaque retention increases S. mutans colonization such that there is an increase in the risk of caries [13] . This result was in accordance with those of previous studies [2, 3] . There are limitations to the present study. The dmft ≥6 set as a cut-off value likely narrowed the selection of candidates for the caries active group. Further study is needed to clarify the mechanism of srtA gene mutation and dental caries.
Conclusions
The present study provided knowledge about the genetic diversity of the sortase A gene of S. mutans in children with no caries and those with high-severity caries. The results of the study suggested that the locus 168 missense mutation of the srtA gene may correlate with caries susceptibility of children with S. mutans. In addition, age, duration of breastfeeding, solid sugar consumption, and poor oral hygiene also contributed to this complex disease.
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